. Tutor. Responsible for conception and critical revision of the study.
Introduction
Ischemia and reperfusion injury (IRI) is a syndrome characterized by an initial lack of blood flow to a region or organ, followed by reperfusion. First studies related to this syndrome are from early last century and highlighted deleterious association between extensive muscular lesions and acute renal failure, myoglobinuria, hyperpotassemia and hemodynamic symptoms. 1 With reperfusion, morphofunctional recovering occurs in the majority of cases. Nevertheless, in a significant proportion, an acidotic metabolic syndrome leading to acute tubular necrosis, cell apoptosis leading to multiorgan failure and death occurs. 2 This is a clinical condition frequently associated with high morbidity and mortality, especially when associated with some conditions such as aging, diabetes and renal impairment. 3 Renal insult is mostly related to the magnitude and duration of ischemia, leading to edema and tubule obstruction, mainly after reperfusion, and impaired glomerular filtration. 4 Oxigen free radicals play an important role in the metabolic events involved on ischemic reperfusion insult [5] [6] [7] , as well as neutrophil recruitment and tubular adhesion, all of them intimately related in the early inflammatory phase 8, 9 .
Within the kidney, the amount of oxygen is fairly bigger than necessary, but the external medullary region consumes more than 80% of it, indeed, overcoming the brain and myocardium. 10, 11 Therefore, the external medullary region is constantly easily suitable to hypoxia, and it is the first region to be affected due to ischemic insult. This vulnerability is aggravated because renal ischemia is not a homogeneous process. Meanwhile, if flow is reduced by 60% in superficial cortex, in the external medullar region is greater than 80% 12 .
Intercellular adhesion molecule type 1 (ICAM-1) is an early acute inflammatory marker, intimately related to leukocyte recruitment and adhesion in tubular cells as well as their detachment [13] [14] [15] .
Several approaches have been proposed as an attempt to preclude IRI, such as hypothermia, ischemic pre-and postconditioning, as well as several drugs concomitantly and posterior to ischemic insult, 16, 17 with studies suggest potential local and distant benefit after flow restoration through leukotactic inhibition, controlled reperfusion, oxygen-free radical removers, prostaglandin analogs or a combination of these. 17, 18, 19 Alprostadil is a prostaglandin-analog drug (PGE1).
Recent studies have suggested a potential protective role due to blocking of leukocyte chemoattractant factors, as well as weakening leukocyte adhesion to microvascular endothelium, with lesser tissue expression of some inflammatory markers involved in this process, in particular the Intercellular Adhesion Molecule 1 (ICAM-1), possibly leading to a cytoprotective activity also by lowering peripheral vascular resistance 20-24 . The objective of this study was to evaluate the effects of intravenous injection of Alprostadil on an acute model of suprarenal aortic clamping on the renal tissue of rats.
Methods
All animals were handled according to the ethical principles of laboratory animal care, and this study´s protocol was approved by the Research Ethics Committee of the State University of Health Sciences of Alagoas.
Experimental groups and surgical procedure
Adult male Wistar rats were randomly divided into three groups: Veh Group (Veh), Alprostadil-treated group (Al), and Arterial blood gas measurements of pO2, pCO2, pH and bicarbonate were performed. (Radiometer blood gas 5-ABL, Copenhagen).
Statistical analysis
The data were analyzed using SPSS software (Statistical Package for Social Sciences, IBM, USA) version 9.0 for Windows.
The results among groups were compared by Kruskal-Wallis test and complemented by Mann-Whitney and Bonferroni test, for confirmation of significance. Frequency among groups were analyzed with Quisquare test. The level of significance for this study was 5% (p <0.05).
Results
On immunohistochemical analysis, a higher expression of ICAM-1 as well as tissue architecture disarrangement were found in Veh Group when compared to Al and Sh groups. There was less leukocyte tubular adhesion in Al and Sh groups, with lower expression of ICAM-1 and tissue necrosis when compared to Veh group, as described in Figure 2 , with statistically significance for grades II and IV (Veh<Al~Sh). Grade I samples were significantly more frequent among Sh group, when compared to Veh and Al. 
Tissue processing and analysis
Renal samples were identified, sliced and immersed in 4% buffered formaldehyde , dehydrated and embedded in paraffin. Changes in the kidneys were examined histologically covering the degree of inflammation and necrosis as previously published 25 .
Blood levels of lactate dehydrogenase (LDH), Urea and
Creatine phosphokinase (CPK) through kinetic method using optimized ultraviolet reading (Targa BT 3000), as previuosly published. 26 Potassium blood assays were performed with flame spectrophotometer and Calcium levels using colorimetric method with cresolphthalein complex (Abbott VP® Analyzer Biochromatic
Regarding to morphological microscopical analysis, higher levels of tissue necrosis and vacuolization were found in the Veh groups, when compared to Al and Sh, regarding grading scale previously published for optical microscopy analysis, as shown in Figure 3 .(p = 0.025)
Discussion
It is well known fact that morphological changes consistent with ischemic necrosis of renal tubular cells are checked after at least 30 minutes of ischemia and over an hour of reperfusion [28] [29] [30] . Experimental models of ischemia and reperfusion are long described and widely found in the literature 16, [19] [20] [21] [22] [23] .
Nevertheless, to our best knowledge, this is the first study to analyze the effects of Alprostadil using this experimental model on the renal tissue.
The involvement of free oxygen metabolites as well as its derivatives in the pathogenesis of the metabolic changes which are characteristic of ischemia and reperfusion injury syndrome is well documented and established 6 , as well as the early involvement of activated neutrophils with subsequent diapedesis and leukocyte adhesion in the chain of inflammatory events that culminate in loss of function, tissue disarrangement and necrosis. 8 Kelly et al. issue, what proved to be found. [13] [14] [15] Some authors have also studied shorter clamping times with similar reperfusion periods with renal pedicle or single limb artery clamping, suggesting questionable benefit of its use. [17] [18] [19] [20] [21] We believe that these conflicting results are related to short clamping periods, some of what could even controversially work as preconditioning protective factor. Another major difference is the potential to create significant IRI, which is long known to be When comparing electrolytes, no statistically significant difference between groups on the levels of Sodium (p>0.05) and Calcium (p>0.05) were found. Potassium levels were significantly higher in Veh (p=0.02). When comparing LDH levels, they did not differ between groups (p = 0.24). Nevertheless, significantly higher levels of CPK were found in Veh animals(p=0.03). Lactate levels did not show significant difference between groups, as well as urea results. Arterial gasometry, there was no significant differences among groups regarding pO 2 (p=0.89) and pCO 2 (p= 0.12) levels.
Although pH was similar between groups, bicarbonate levels were significantly lower in Veh group (p=0.012) (Figure 4 ). 
Conclusion
Alprostadil attenuates morphological alterations and leucocyte adhesion in renal tissue of rats subjected to an ischemia and reperfusion insult.
